Abstract Whipple Disease is a rare chronic multi-systemic disease caused by the ubiquitous environmental Gram-positive bacterium Tropheryma whipplei. It can be fatal if untreated. Here we describe the fatal outcome in a 27-year-old Caucasian female patient with a three-month history of persistent fever, anemia, weight loss and diarrhea. The final resolution of the diagnostic process was only reached after the patient's death thanks to autopsy. The case depicted is a classic Whipple Disease histologically characterized by digestive involvement based on positive periodic acid-Schiff (PAS) staining and immunohistochemical analysis for T. whipplei and systemic involvement (pericarditis, brain lipid storage, renal fat embolism). The case reported here is of interest because the patient was a woman and also young, characteristics which do not meet the classical epidemiological features of this elusive and troubling disease. 
Introduction
Whipple Disease (WD) was firstly described in 1907 by the American pathologist George Hoyt Whipple. He reported the autopsy findings of a 36-year-old patient who had presented with weight loss, arthritis, cough, lymphadenopathy, fever, deposits of fat and fatty acids and foamy macrophages in the intestinal and mesenteric lymphatic tissue. It was suspected that he was suffering from a disorder of fat metabolism and his diagnosis was classified as a type of ''intestinal lipodistrophy''. 1 In 1949, the content of the foamy macrophages was demonstrated to be periodic acid-Schiff (PAS) reagent positive 2 and in 1961 these PAS-positive inclusions in macrophages were demonstrated by electron-microscopy to represent bacteria, the so-called ''bacillary'' or ''bacilliform'' bodies 3, 4 , thus establishing the bacterial etiology. The bacilli are rodshaped and surrounded by a homogeneous cell wall within which is a typical trilaminar plasma membrane. 5 The targeting and amplification of the bacterial 16S ribosomal RNA directly from tissues of patients with WD, by means of polymerase chain reaction (PCR) 6, 7 , the successful isolation and establishment of a strain of the bacterium obtained from the mitral valve of a patient and the generation of specific antibodies against the bacterium in mice 8 helped in better understanding of the pathogenesis of WD. At present PAS staining, PCR and specific immunohistochemical analysis performed directly on the patient's tissues represent the most accurate diagnostic tools. Despite its ubiquitous occurrence in the environment, Tropheryma whipplei, the agent of WD, rarely causes disease, suggesting that more than just exposure is required for disease to occur. Moreover, it seems probable that there must be an immunogenetic susceptibility to the disease. Causative genes, predisposing immune factors, reservoir, transmission mechanism, and significance of possible asymptomatic carriers (in duodenal samples, stools, saliva, blood) have not yet been identified. 9, 10 Even if WD can occur in people of all ages, it mostly affects men (86% of patients are male) of Caucasian origin (97% of the patients) and it seems to be more common in farmers and people in farming-related trades. 11, 12 The most common clinical presentation is a malabsorption syndrome, although patients may have also severe arthralgias for years before diarrhea develops. Cardiac and central nervous system involvement is also common. Because the illness is insidious in its onset, has a varied clinical presentation reflecting its systemic nature, and because it is rare, it is often diagnosed only late in its course, when antibiotic therapy may be less effective 13 or, as in the case, it may not be diagnosed until autopsy. Death in this case, which occurred only six days of admission to hospital, is probably explained by the fact that our patient was a woman and also young, making our case peculiar from an atypical epidemiological and clinical standpoint.
The case
We report the case of a 27-year-old Caucasian woman with a three-month history of persistent fever, anemia, weight loss (about 15 kg in three months) and diarrhea. She died 6 days after admission to hospital. She was affected by b-thalassemia trait. Laboratory studies revealed hypochromic microcytic anemia with hemoglobin at 7.8 g/dl, hematocrit at 25.4%, white blood cell count at 7.96 · 10 3 /ll, hyposideremia 8 lg/ dl, increased non-specific inflammatory markers (C-reactive protein 75.2 mg/l), erythrocyte sedimentation rate 48 mm, DDimer 324.9 lg/l, fibrinogen (determined by the Clauss method) 550.5 mg/dl, hypoproteinemia 4.9 g/dl with reduced albumin/globulin ratio. Creatinine, transaminases, lactate dehydrogenase and coagulation profile were normal. Erythematosus skin with painful subcutaneous nodules on the left leg was observed. Complement factor C3 was normal, while C4 was slightly below the minimum of the range (11.9 mg/ dl). The patient's clinical conditions worsened progressively with the decrease of hemoglobin to 6.4 g/dl, the onset of coagulation profile abnormalities (PT% 50.9%, INR 1.35), vomiting and respiratory insufficiency. Tumor markers, viral and parasitic serology, serology for celiac disease, b-hCG, p-ANCA, c-ANCA, ANA, ASMA and AMA were negative. Parasites in stools were absent. All screening exams for drugs of abuse were negative. An abdominal CT scan performed on the 6th day showed an abundant peritoneal effusion. A further decrease of hemoglobin to 5.9 g/dl and a worsening of the Figure 5 Heart. A-D. Chronic fibro-adhesive pericarditis with many foamy histiocytes intermingled with fibroblasts and collagenous fibers. Parietal endocardium, slightly thickened, due to fibrosis (H&E, original magnifications ·20, ·40, ·20 and ·20, respectively). 
Macroscopic findings
At autopsy, the main macroscopic findings observed were intestinal loops dilated with thickened hard and rigid walls, mesentery also thickened, mesenteric lymph nodes enlarged and packed together (Fig. 1) . Pleural and peritoneal effusions were noted. Strong adhesions were seen both between the visceral pleura and the pericardial sac and between the pericardial sac and the diaphragm (Fig. 2) . The peritoneum covering the uterus was characterized by numerous hemorrhagic spots.
Microscopic findings
Sections of small intestine show numerous foamy macrophages infiltrated markedly and diffusely into the lamina propria, distorting the villi and numerous dilated lymphatic channels ( Fig. 3A and B) . On PAS staining, the macrophages were filled with diastase-digested and non acid-fast stained PAS-positive granular material (Fig. 3C) , due to the presence of bacilliform bodies. They were well demonstrated by T. whipplei-specific immunohistochemistry ( Fig. 3D) . PCR assay for 16S ribosomal RNA genes of T. whipplei performed in the intestinal specimens was negative. The mesenteric lymph-node pulp was extensively infiltrated by PAS-positive macrophages (Fig. 4) . The involvement of the pericardium and endocardium (Fig. 5) , the central nervous system (Fig. 6) , the bone marrow (Fig. 7) and the kidney mirrored the systemic nature of the infection. Microscopic findings of lungs are described in Fig. 8 . These autopsical and histological findings are consistent with the diagnosis of WD.
Discussion and conclusions
Since 1907 autopsy findings have contributed to the illustration of WD, which can be fatal if untreated. WD is rare, though there is no valid estimate of its actual prevalence. Only about 1000 cases have been reported to date. In postmortem studies, the frequency of the disease is less than 0.1%. 9 It is often diagnosed at an advanced stage or in an extensive systemic form owing to its rarity, its broad spectrum of clinical presentations and the existence of forms with no clinical symptoms or histologically detectable involvement of the intestinal tract. In most cases, intermittent arthritis or arthralgia precedes the occurrence of other clinical signs by several years and such symptoms are reported in 80% of patients overall. 12 The case described here is a classic WD 10 marked by histological intestinal lesions in association with several clinical manifestations (pericarditis, brain lipid storage, renal fat embolism). The presence of subcutaneous nodules on the left leg is the only sign which can be clinically correlated with an eventual history of arthritis or arthralgia. The histological intestinal involvement is based on diastase-resistant, non-acid-fast, granular PASpositive inclusions in foamy macrophages and specific immunohistochemical analysis. Furthermore the immunohistochemical analysis performed offers added specificity over PCR methods owing to the direct visualization of the bacillus in tissue sections. It also offers an increased sensitivity and specificity over the traditional non-specific PAS staining method. [14] [15] [16] [17] The degree and the extent of the endocardial and pericardial involvement do not appear related to either the duration or the clinical severity of the generalized disease process, confirming what is described in the series analyzed by HA McAllister and JJ Fenoglio. 18 Anemia, hypoalbuminemia and increase of non-specific inflammatory markers are very common clinical findings in classic WD. The pleural and peritoneal effusions were associated with an increase of CA-125 levels and ascribed to hypoalbuminemia and/or anemia secondary to malabsorption.
Even if the clinical presentation made the diagnosis of WD plausible, the epidemiological features, i.e. the female sex and especially the young age of the patient, were not characteristic of this pathology. In fact, although it occurs in people of all ages throughout the world, the typical patient is a middle-aged white man. 9 Regarding this, the literature review undertaken by us (Table 1) confirms the rarity of our case related to the fact that the patient was a young woman. Furthermore, the extremely rapid worsening of the clinical conditions in our case did not allow to complete the diagnostic process, thus leading to a rapid fatal outcome. The non-specific gastrointestinal symptoms and the variegated widespread clinical manifesta- Figure 8 Lungs. Severe plurifocal edema associated with desquamative macrophagic alveolitis. Modest plurifocal septal and peribronchovascular fibrosis with neutrophils, rare lymphocytes, histiocytes and proliferating fibroblasts. The capillary and arteriolar lumen is severely and extensively filled with lipid material. The interlobular septa appear enlarged due to lymphatic extravasation (H&E, original magnification ·20).
Rare occurrence of Whipple Disease in a young female patient with a fatal outcometions reflect the systemic nature of the infection and make it an insidious and elusive disorder. 43 Taking into account the difficulties related to the diagnostic process of such a rare disease, this case report describes the most relevant pathological features of the death of a young female patient and shows the significant aspects that every forensic pathologist should know about when giving medico-legal expertise in a suspected case of malpractice related to this rare disease. 
